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Abstract 
Purpose: To investigate the risk factors associated with medication errors and to compare the 
incidence and types of voluntarily reported medication errors among adult intensive care unit (ICU) and 
non-ICU patients at King Abdulaziz Medical City, Riyadh, Saudi Arabia.  
Methods: The design of this study was retrospective. All voluntarily reported medication errors involving 
adult patients (≥ 18 years) who were admitted into King Abdulaziz Medical City during the study period 
(January 2012 to June 2013) were included in the study. Reported medication errors were classified as 
ICU or non-ICU errors. Medication errors were also classified according to the node of medication use, 
harm category, and type of medication errors. 
Results: A total of 31,399 patients admitted into the hospital were included in the study, with 1,966 (6 
%) admitted into the ICU and 29,433 (94 %) admitted into the non-ICU units. Overall, the incidence of 
medication errors was 1.2 % (390/31,399), 1. Over half of the errors were administration-related (51 %). 
The incidence of medication errors was 5.5 % (108/1,966) in ICU compared with 0.96 % (282/29,433) in 
non-ICU units (p < 0.001. In both settings, prescribing errors, delay in drug administration and 
dispensing extra dose were the most common medication errors. Higher risk for medication errors was 
significantly associated with admission into ICU vs. non-ICU units [OR = 5.24, 95 % CI: (4.12, 6.65); p < 
0.001] and with patients’ age ≥ 60 vs. < 60 years [OR = 1.48, 95 % CI: (1.19, 1.83); p < 0.001]. 
Conclusion: Medication errors are common in the health facility and occur during all stages of 
medication use from prescribing to administration. Higher risk for medication errors is associated with 
admission into the ICU and with patients’ age ≥ 60. Physician, pharmacists, and nurses need to be 
vigilant, up-to-date, and continuously trained to reduce the incidence of medication errors.  
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The focus on patient safety and the efforts for its 
improvement have been substantially growing 
during the past several decades. In 1999, the 
Institute of  Medicine (IOM) released its 
milestone report on patient safety “To err is 
human: Building a safer health care system” 
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which estimated that around 44,000 to 98,000 
people in the United States die every year due to 
preventable medical errors. Among these fatal 
medical errors, about 7,000 deaths were 
attributed to medication-related errors [1].  
 
Medication errors are common in hospital 
settings and can lead to significant incidence of 
adverse drug events (ADEs) [2]. The incidence of 
ADE’s in the intensive care units (ICU) is almost 
double that occurring in general care units [3].  
About 47 % of ADEs occur in the ICU and 78 % 
of the serious ADEs are caused by medications 
[4]. This high incidence of serious ADEs could be 
the result of complex therapy regimens and the 
physiological and disease state of ICU patients 
[5]. Intravenous medications are more likely to be 
administered in critical care as compared to non-
critical care settings which might contribute to the 
increased incidence and magnitude of 
medication errors [6]. While most medication 
errors tend to occur during the administration 
process, a higher incidence of such errors was 
observed in the in ICU compared to Non-ICU 
setting (44 and 33 %, respectively). On the other 
hand, errors in the dispensing phase were found 
to be less reported in ICU than Non-ICU setting 
(9 and 22 %, respectively) [7].  
 
The impact of medication errors on patients, their 
relatives, and the healthcare organization is 
enormous both financially and personally. The 
cost of preventable medication errors was 
estimated to be $2.8 million per year in a 700- 
bed teaching hospital [8]. The length of hospital 
stay w increased by 1 % due to ICU medication 
errors compared to 0.4 % due to non-ICU errors 
in one study [9].  
 
The purpose of this study is to investigate the 
risk factors associated with medications errors 
and to compare the incidence and type of 
voluntarily reported medication errors in adult IC 
patients to that in adult non-IC patients. Only few 




Subjects and settings 
 
The study was retrospective and conducted at 
King Abdulaziz Medical City, Riyadh, Saudi 
Arabia which is a large, 1025 bed tertiary care 
hospital in Riyadh, Saudi Arabia. 
 
All medication errors which were reported on 
adult patients (18 years and older) who were 
admitted to the hospital wards during the study 
period (January 2012 to June 2013) were 
included in the study.  
 
The study was approved by the institutional 
review board at King Abdullah International 
Medical Research Center (KAIMRC). 
 
Medication errors reporting at the study site  
 
A medication error was defined in this study as 
“an error in the process of prescribing, 
dispensing, preparing, administering, monitoring 
or providing medicine advice, regardless of 
whether any harm occurred” [1].  
 
The medication error reporting in the study site is 
voluntary. The hospital administration 
encourages voluntary reporting of errors. In the 
case of actual/suspected medication error, the 
staff (usually a physician, a nurse, or a 
pharmacist) should fill in a medication error 
report that includes all related clinical and 
demographic information. The report is then 
submitted to the medication safety committee 
which evaluates the submitted report for 
accuracy, severity, clinical impact and then 
makes a decision on the necessary action to 
avoid future errors. The medication safety 
committee is composed of physicians, 
pharmacists, and nurses. 
 
The hospital has adopted a “Just culture” with 
regard to medication errors since three years 
before this study. “Just culture” is a culture in 
which front-line operators and others are not 
punished for their actions, omissions or decisions 
that are commensurate with their experience and 
training, whereas gross negligence, willful 
violations, and destructive acts are not tolerated 
[10]. A “Just Culture” is not a “blame-free” 
culture. It is rather a middle ground between a 
blame-free culture where providers have no 
personal accountability and a culture where 




Medication errors that were voluntarily reported 
and approved by the medication safety 
committee were classified as IC or non-IC errors. 
Patient demographic information and medication 
error-related data were collected from patients’ 
medical records and from medication safety 
committee reports. These data include age (< 60 
years, > 60 years), admission year, month of 
reported error, reported error day (weekday, 
weekend), the node of medication use 
(prescribing, documenting/transcribing, dispen-
sing, administering, and monitoring), harm 
category (category A-I) where category I 
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indicates  death, and type of medication error 
(prescribing error, omission error, wrong time, 
unauthorized drug, improper dose, wrong dosage 
form, wrong drug preparation, wrong 
administration technique, deteriorated drug, 
monitoring error, compliance error, and other 
medication error). Specific types of the “other” 
category include system error, documentation 
error, delay in dose, extra doses /wastage, and 




All of the study data were categorical and were 
expressed as frequency (proportion). The 
incidence of non-IC and IC medication errors 
was expressed as proportions and also as a rate 
per 1000 admissions. The latter is calculated by 
dividing the number of medication errors by the 
total number of admissions and multiplying the 
result by 1000. Non-IC and IC medication errors 
incidence rates and types were evaluated and 
compared by the demographic and clinical 
factors using the chi-square test. Logistic 
regression analysis was used to identify factors 
affecting the likelihood of medication errors. The 
backward elimination procedure was used to 
obtain the final model. Statistical significance 
was considered at p < 0.05. All statistical 







A total of 31,399 adult patients’ were admitted to 
the hospital during the study period.  All of the 
admissions were considered eligible for inclusion 
in the study. The number of admissions into IC 
was 1966 (6 %) and 29433 (94 %) were admitted 




A total of 390 medication errors were voluntarily 
reported during the study period. Table 1 
demonstrates comparisons of incidence and 
types of medication errors between the ICU and 
non-ICU settings. All comparisons were 
statistically significant. Overall, the incidence of 
medication errors was 1.2 % (390/31,399) which 
is equivalent to 12 per 1000 patients. Over half of 
the reported errors were administration-related 
errors (51 %). Only 9 % of the reported 
medication errors were categorized as harm 
categories C to I, while the vast majority were 
categorized as harm categories A or B (91 %).  
 
The incidence of medication errors was 5.5 % 
(108/1,966) (equivalent to 55 errors per 1000 
admissions) in the ICU compared with 0.96 % 
(282/29,433) (equivalent to 9.6 errors per 1000 
admissions) in the non-ICU units, p < 0.001. The 
incidence of medication errors was also 
significantly different by the age group; where the 
incidence was 1.97 % (164/8,343) (equivalent to 
19.7 errors per 1000 admissions) among patients 
aged ≥ 60 years vs. 0.98 % (226/23056) 
(equivalent to 9.8 errors per 1000 admissions) 
among those aged < 60 years (p < 0.001).  
 
The incidence of medication errors was also 
significantly different by the age group  among 
patients admitted into non-IC units (incidence of 
medication errors was 1.5 % (109/7,181) for 
patients aged ≥ 60 years vs. 0.8 % (173/22,252) 
for those aged < 60; p < 0.001). However, the 
incidence of medication errors was not different 
by age among patients admitted into IC units 
(incidence of medication errors was 4.7 % 
(55/1,162) for patients aged ≥ 60 years vs. 6.6 % 
(53/804) for those aged < 60; p  > 0.05 ). 
 
In both, IC and non-IC settings, prescribing 
errors, delay in drug administration and 
dispensing extra dose were the most common 
medication errors. The most common medication 
error was prescribing errors in the non-IC units, 
while in the IC settings, delay in drug 
administration was the most common.  
 
The most common medication use phase during 
which medication errors were detected was the 
medication administration phase in both IC and 
non-IC settings (Table 1).  
 
Risk factors for medication errors  
 
Results from the logistic regression analysis in 
Table 2 showed that higher risk of medication 
errors was significantly associated with 
admission into IC vs. non-IC units [OR = 5.24, 95 
% CI: (4.12, 6.65); p < 0.001] and with patients 
age  ≥ 60 vs. < 60 years [OR = 1.48, 95 % CI: 




The results of this study indicated that the 
incidence of medication errors in the ICU was 
five times higher than that in the non-ICU setting 
(OR = 5.24). This finding is consistent with the 
literature [11]. 
 
The higher incidence of medication errors in the 
ICU may be related to the severity of illness of  
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Table 1: Comparison of medication error incidence between ICU and non-ICU patients by demographic and 
clinical factors 
 






Medication errors 390 (1.2) 282 (0.96) 108 (5.5) 
Age group, n (%)    
    
   <60 years  226 (0.72) 173 (0.59) 53 (2.7) 
(N=22252 non-ICU, N=804 ICU)    
   > 60 years  164 (0.52) 109 (0.37) 55 (2.8) 
(N=7181 non-ICU, N=1162 ICU)    
    
Day of  week, N (%)    
   Weekday 294 (0.94) 215 (0.73) 79 (4.02) 
   Weekend 96 (0.31) 67 (0.23) 29 (1.48) 
    
Type of medication error, N (%)    
   Prescription error 74 (0.24) 60 (0.2) 14 (0.71) 
   Improper dose  16 (0.05) 10 (0.03) 6 (0.31) 
   Wrong drug preparation 26 (0.08) 18 (0.06) 8 (0.41) 
   Delay in drug administration 45 (0.14) 25 (0.08) 20 (1.02) 
   Extra  dose dispensed 59 (0.19) 40 (0.14) 19 (0.97) 
   Wrong practice / Policy violation 31 (0.1) 22 (0.07) 9 (0.46) 
   Other 139 (0.44) 107 (0.36) 32 (1.63) 
    
Node of medication Use, N (%)    
   Prescribing 98 (0.31) 79 (0.27) 19 (0.97) 
   Documenting/transcribing 14 (0.04) 8 (0.03) 6 (0.31) 
   Dispensing 81 (0.26) 40 (0.14) 41 (2.09) 
   Administering 197 (0.63) 155 (0.53) 42 (2.14) 
    
Harm category, N (%)     
   Category A 174 (0.55) 122 (0.41) 52 (2.64) 
   Category B 181 (0.58) 137 (0.47) 44 (2.24) 
   Category C 28 (0.09) 22 (0.07) 6 (0.31) 
   Category  D-I                             7 (0.02) 1 (0.03) 6 (0.31) 
*Based on the Chi-square test.  All comparisons were statistically significant (p < 0.001) 
 
Table 2: Logistic regression analysis for medication 
errors. Total number of patients = 31,399 
 
Factor OR 95% CI  P-value 
    
Admission unit    
   Non-ICU Reference Reference  
   ICU 5.24 (4.12, 6.65) <0.001 
    
Age group    
 <60 years Reference Reference  
 >60  years          1.48 (1.19, 1.83) <0.001 
 
patients admitted [11,12]. Patients admitted to 
the ICU are typically older and have more critical 
conditions with impaired organ functions. 
Moreover, ICU patients are usually receiving 
several high alert medication and require more 
intravenous transfusions. Based on the study 
results, the study site started considering 
strategies to reduce medication errors including 
the use of electronic prescription alerts.  It has 
been suggested that the use of electronic 
prescription alerts may reduce medication errors 
[13].   
 
An interesting finding from our study is that 
medication errors reported on weekdays were 
three times more than those reported during 
weekends. This could be due to the fact that 
fewer medications are usually prescribed and 
processed during weekends where only 
necessary medications are added or changed. 
Prescribing errors were the most common type of 
medication errors reported in the non-ICU 
setting, while in the ICU, delay in the drug 
administration was more prevalent than the other 
error types. Prescribing errors can be reduced 
through implementing continuous education 
programs and through training physicians and 
pharmacist on the concepts of evidence-based 
medicine [14]. Frequent reporting of the delay in 
delivering medication to ICU patients may be 
related to the huge workload. In contrast, staff 
that work in non-ICU areas are less likely to 
report such type of incidents because of their 
less workload where the care is often one staff to 
four patients and the patients’ conditions are less 
critical. It has been reported that the use of bar-
code-assisted medication administration 
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decreased medication errors related to 
administration time in adult medical ICUs from 
18.8 to 7.5 % [15].  
 
The finding that dispensing extra doses of drugs 
is common in both the ICU and non-ICU settings 
is   important, based on this result, a study is 
currently being conducted investigating factors 
contributing to medication wastage at the 
hospital. 
 
Over half of medication errors in the current 
study occurred during the administration phase 
(51 %), this is similar to the result obtained by 
Asad et al [7]. Although medication 
administration errors have the potential to be life-
threatening [16], our analysis revealed that most 
of the medication errors identified in this study 
are minor to moderate in severity (harm category 
A-B). This finding highlights the need for more 
training for nurses to avoid these errors.  
 
The implementation of “culture of safety” and 
“just culture” in the study site over the past three 
years may have helped the staff to understand 
the importance of patient safety and further 
enhanced reporting of medication errors. On the 
other hand, several factors may have contributed 
to a lower number of reported medication errors 
such as the implementation of computerized 
physician order entry in the study site. The use of 
computerized physician order entry reduced 
medication prescription errors to 3.4 % of orders 
in comparison to paper-based orders where the 
error rate was about 27 % in one study [17]. The 
study site is also covered by pharmaceutical care 
services, where clinical pharmacists review and 
follow up all patients medication from admission 
till discharge, which may have significantly 
impacted the incidence of medication errors [18]. 
The availability of pharmacist support for more 
than 15 hours per day has been associated with 
a higher interception of near misses and 
prescribing errors in one study [19]. 
 
Limitations of the study 
 
A probable limitation to this study is that the 
medication error reporting in the study institution 
is a voluntarily reporting system which may 
reduce the likelihood of reporting of medication 
errors. Underreporting in a voluntary reporting 
system could also be related to the lack of 
adequate reporting systems, fear of litigation, 
reluctance to report own errors, uncertainty of the 
clinical importance of the events, and the lack of 




Medication errors are common and occur during 
all stages of medication use from prescribing to 
administration. Higher risk for medication errors 
is associated with admission into the ICU and 
with patients’ age ≥ 60.  Physician, pharmacists, 
and nurses need to be vigilant, up-to-date, and 
continuously trained to reduce the incidence of 
medication errors. Medication errors reporting 
should be further encouraged to help reduce the 
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